Background The Program Committee of the American Academy of Orthopaedic Surgery (AAOS) continually tries to improve the quality of the scientific program at AAOS meetings. However, according to the most recent study, the publication rate of papers presented at the 1996 annual meeting was only 34%.
Introduction
Presentations at national and international meetings provide an important forum to relay current research findings in all areas of medicine. Eventual publication of these presentations in a peer-reviewed journal is the desired outcome and would represent completion of a vigorous process that has been subject to extensive analysis and scrutiny of the data. Numerous reports across multiple medical subspecialties have documented that a substantial number of papers presented at these meetings never complete this process, with rates across various medical subspecialties ranging from 36% to 66% [1, 6, 8, 10, 14] .
Orthopaedic surgery, like many other fields of medicine, is a continuously evolving field with new ideas and research being performed. The Program Committee of the AAOS is responsible for selection of papers to be presented at each annual meeting and has tried to improve the quality of the scientific program (Appendix 1). Although some authors have reported publication rates of AAOS meeting presentations as high as 44% [5, 8] , in the most recent study on this topic Bhandari et al. reported a 5-year publication rate of only 34% [1] . These meetings comprise a substantial portion of continuing medical education, and the new knowledge acquired at these meetings often is rapidly incorporated into their clinical practice. For these reasons, it is important to question the scientific validity of these presentations through frequent assessment of their subsequent publication rates in the peer-reviewed literature, compare them with previously reported data, and analyze developing trends.
Our purposes therefore were to determine: (1) the overall publication rates of presentations from the 2001 AAOS meeting during a 5-year period; (2) whether there are differences in the publication rates of podium presentations versus posters during the same period of time; and (3) whether the publication rates of these presentations differ among various subspecialties.
Materials and Methods
Using the proceedings from the 2001 68th annual AAOS meeting, we performed a comprehensive literature search on all 756 listed presentations. The papers from the 2001 meeting were chosen to allow at least 5 years for subsequent publication and thus allow for comparison between prior published reports on this subject [12] [13] [14] . The presentations were subdivided into podium and poster presentations: 288 were podium presentations and 478 were poster presentations. We subsequently categorized each presentation into a specific subspecialty in orthopaedic surgery (Table 1) . A few presentations were classified under more than one subspecialty. When these presentations were published, they were counted only once toward the overall rate of publication for the 2001 AAOS annual meeting. However, when reporting the rate of publication for the varying orthopaedic subspecialties, these abstracts were counted as having been a publication in each of those separate categories.
All of the papers listed in the AAOS proceedings were searched using Medline and PubMed using the methodology closest to the strategy used by Bhandari et al. [1] . Realizing the limitations, we chose to restrict our study to publications listed in these two databases because this approach has been used by others studying the same subject in orthopaedic surgery [1, 3, 5, 16] and other medical disciplines [4, 12, 13] . Each search included the names of the authors, listed presentation titles, and key words. The key words were defined as the main elements in the title and ranged from one key word to as many key words found in the title. A match was considered successful only if the title of the paper, authorship, and eventual abstract in the published manuscript contained substantial similarities as those published in the meeting proceedings. If the initial search did not reveal a publication, we then expanded the search to include the last name and first initial of every author listed and manually cross-referenced with the key words from the title until a match was found or it was determined that there was no match.
The time between presentation and publication was calculated for each abstract fitting these criteria. The time to publication was stratified into 1-year increments up to 5 years from the time of presentation. The increments were . Each eventual publication was classified according to time to publish and the subspecialty category for each abstract. A database of published presentations was created taking into account the total number of presentations, total poster versus total podium presentations, and each paper's subspecialty category. Abstracts from this meeting published after 5 years were not considered in this study. Once publication rates were formulated, the data were compared with other data from previous studies of publication rates at earlier AAOS meetings using Pearson's chi square test.
Results
From the 756 presentations at the 2001 68th annual AAOS meeting, we identified 367 published peer-reviewed papers by March 2006. This resulted in an overall publication rate of 49% ( Table 2 ). The majority (63%) of the presentations were published within the first 2 years after being presented at the AAOS meeting ( Fig. 1 ; Table 3 ). The total number of published presentations increased each year; however, the likelihood of publication decreased after the third year (Fig. 2) .
The overall 5-year publication rates for podium and poster presentations were 52% and 47%, respectively (Tables 4, 5 ). The publication rates for the podium and poster presentations followed the general trend of the overall publication rates, but podium presentations had a publication rate of 52% at 5 years when compared with 47% for poster presentations. A podium presentation had the same likelihood (p = 0.168) of publication compared with a poster presentation ( Table 6) . Among subspecialty publications, the highest rate of publication was in the sports medicine and arthroscopy category with 58% (n = 41) being published at 5 years ( Table 7) . Adult reconstruction of the hip had the highest number of presentations with 127 total abstracts. The publication rate for this category was 37%. The lowest overall rate of publication was among papers presented in the rehabilitative medicine category with 21% (n = 3) being published at 5 years.
Discussion
The presentation of a paper at a national or international meeting is a well-accepted method of conveying the conclusions of research. The eventual publication of such data in a peer-reviewed journal represents a more permanent, more accessible, and validated culmination of the scientific process [6] . Although many abstracts presented at the AAOS annual meeting are cited in the orthopaedic literature and are used to guide orthopaedic practice, not all presentations undergo the rigorous process of peer review and the path to eventual publication. The purposes of our study therefore were to determine: (1) the overall publication rates of presentations at the 2001 AAOS meeting;
(2) whether there are differences in the publication rates of the podium versus poster presentations during the same time; and (3) whether the publication rates of these presentations differ among various subspecialties. This study had several limitations. First, we limited our search to articles found in PubMed and Medline and did not consider journals not indexed in PubMed and Medline. Our search did not include the EMBASE or Cochrane databases and, therefore, would have failed to identify any publications in peer-reviewed journals indexed only in either of these two databases. EMBASE is a large biomedical and pharmacologic database containing more than 12 million records from 1974 to the present compared with Medline and PubMed, which contains more than 15 and 18 million records dating to 1949 and 1966, respectively [7, 10] . Although several studies in various areas of biomedical research (eg, pharmacology and family medicine) suggest the use of EMBASE yielded more results compared with the use of Medline or PubMed [2, 9, 17] , this may not translate to specialties like orthopaedics. Recently, Whitehouse et al. compared the use of Medline, Google scholar, and EMBASE regarding publication rates of orthopaedic hip abstracts presented at international meetings and found that Medline and Google scholar identified significantly more publications than EMBASE [16] . Furthermore, Slobogean et al. examined the searches of abstracts and studies used in orthopaedic meta-analyses among various databases including Medline, EMBASE, Cochrane, CINAHL, and Web of Science, and reported positive search rates of 90% and 81% when using Medline and EMBASE respectively [15] . Combining Medline and EMBASE increased the positive yield to 91%. Searching the Cochrane databases yielded only 36 titles not indexed in Medline or EMBASE. Slobogean et al. concluded that a high percentage of primary research in orthopaedics can be found using the major databases, and the use of additional databases was unlikely to increase the yield of published manuscripts [15] . Therefore, although we recognize that our study design may underestimate the eventual rate of publication, our methods are consistent with those used in previous studies on this topic in limiting searches to Medline and PubMed databases [3] [4] [5] . Second, we limited our literature search to a 5-year period after the AAOS meeting. Although we recognize that some studies could be published greater than 5 years after initial presentation, several studies have reported that greater than 90% of papers from a scientific meeting are published within 4 years of presentation [12] [13] [14] . In addition, there is a possibility that these late publications may contain additional data, followup, or different conclusions compared with the given presentations. Thus, because the number of these outliers is historically low, the overall publication rate likely would not be affected by their inclusion. Finally, because of the human element involved in these literature searches, comparison of our results with the publication rates from prior meetings is limited. We purposely designed our search criteria to match those used by Bhandari et al. [1] to allow us to compare our results. Although the basic search algorithm is essentially identical to the prior study, a match ultimately is determined by a person and not by computer alone. Because there is a degree of subjectivity built into each search, this may limit comparisons across studies because small changes in criteria can yield different results.
Our data suggest an overall publication rate of 49%. These data are consistent with published results. Hamlet et al. reported a publication rate of 46% of presentations from AAOS meetings from 1990 to 1992 [6] . Furthermore, Murrey et al. reported a similar publication rate of 44% for presentations from the 1993 AAOS meeting [10] . However, in the last study on this subject, Bhandari et al. reported a publication rate of only 34% from the 1996 meeting [1] . Although direct comparisons between our study and that of Bhandari et al. [1] must be made with caution owing to variations in application of the methods, presuming these rates are truly different, a potential reason may be the result of the AAOS program committee's continual efforts to increase the scientific quality of the presented papers (Appendix 1). This effort may account for the higher publication rates of abstracts presented at subsequent meetings. However another explanation for the apparent increase in publications may be attributable to an increase in the number of journals and forums for publications. Thus, future studies of publication rates at more recent annual meetings are needed to quantify and chart the trend of these efforts. Nevertheless, our study shows the trend of publications in peer-reviewed journals after presentation at an AAOS meeting has remained relatively consistent (Tables 8, 9) .
We found the overall publication rates for podium and poster presentations were 52% and 47%, respectively, at 5 years. The data suggest the quality of poster and podium presentations are equivalent, and this information can allow physicians at the AAOS meeting to view the information presented in either form as having a similar likelihood of eventually being published in a peer-reviewed journal.
Not all studies presented at AAOS meetings will pass the scrutiny of peer review and lead to publication. Before changing one's practice strategies based on these presentations, surgeons should be aware the information may not pass peer review and may not be valid. To our knowledge, the impact of AAOS abstracts on practice patterns has not been studied. This topic and publication trends of more recent AAOS meetings can provide future direction for areas of research. 
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A Statement from the American Academy of Orthopaedic Surgeons
The Academy's Program Committee is responsible for the scientific program presented at our Annual Meeting. The process for grading abstracts submitted for consideration each year has remained substantially the same over the years but has been refined as needed. It remains a blinded, peer review process in which names of authors and institutions are deleted from the abstracts graded and any mention of either in the abstract disqualifies the abstract from further consideration. Although subcommittee members in each subspecialty area-the graders-have been comprised of specialists in those areas, in the mid to late '90s the orthopaedic specialty societies were charged with the responsibility for naming most subcommittee members. During the same period and in recent years, the number of abstracts submitted generally has grown continuously, resulting in a diminishing acceptance rate. Simply, it is more difficult to get a paper or poster on the program. The committee has responded by increasing the total number of papers and posters presented, for an overall acceptance rate that hovers around 25% each year, equally split between papers and posters.
• We developed grading criteria specifically defining each grade number • To avoid grading fatigue, we created additional subcommittee positions to almost double the number of subcommittee members. The goal was to limit the maximum number of abstracts each subcommittee member had to grade and to increase the minimum number of grades for each abstract to 5. For 2010, each subcommittee member will grade a maximum of 200 abstracts and each abstract will have a minimum of 5 grades. • The committee developed a moderator checklist that includes questions on whether the abstract matched the presentation and the manuscript and whether there was appropriate disclosure prior to the presentation. • For 2010, the Program Committee is developing a free seminar on abstract grading to be presented at the Annual Meeting.
Mark W. Wieting Chief Education Officer American Academy of Orthopaedic Surgeons
In addition, over the past five years the AAOS Program Committee has taken several specific steps to improve the abstract grading process. In 2006 we added IRB requirements to the abstract form. The Program Committee and its subcommittees use the IRB information as a minimum requirement for grading abstracts. In 2007 we added to the abstract form a requirement that the author designate the level of evidence of the research, as well as an indication of the type of research described by the abstract. Although there is sometimes disagreement regarding the assigned level of evidence, we believe the requirement has improved the process. In 2008 we provided the session moderators with the author's indication of the level of evidence for both the abstract and subsequent manuscript to try to more closely tie the abstract to the final paper. For abstracts considered for the 2010 Annual Meeting, we added the type of research to the abstract form. In addition, subcommittee abstract graders were provided an opportunity also to rate the level of evidence of an abstract.
In early 2009 the Academy's Council on Education performed a strategic review of the abstract grading process from the 2008 Annual Meeting. It also surveyed subcommittee members who graded the abstracts, in an attempt to judge work load, consistency of grading and difficulties encountered. It also sought suggestions for improving the process and the quality of papers presented. As a result, the AAOS Program Committee has made the following improvements:
